Background: Klebsiella pneumoniae (K. pneumoniae) is the major pathogen of communityacquired pyogenic infections in Taiwan and can lead to poor prognosis in critically ill patients complicated with bacteremia. This study investigated the characteristics and outcome of patients with community-onset K. pneumoniae bacteremia who required intensive care. Method: Adult patients with community-onset K. pneumoniae bacteremia requiring intensive care were retrospectively analyzed, compared with those treated in ordinary wards, and determined for risk factors for infection-related mortality and long-term mortality at a medical center in Taiwan over a 3-year period. Results: Among the 309 patients with community-onset K. pneumoniae bacteremia, 58 patients (18.8%) required intensive care. Respiratory tract infection [Odds ratio (OR) Z 3.67, 95% confidence interval (CI) Z 1.79e7.50, p < 0.001] was the independent risk factor for ICU admission. Infection-related mortality was 34.5%. Higher APACHE II score (OR Z 1.43; 95% CI Z 1.02 e2.01; p Z 0.041) and underlying malignant neoplasm (OR Z 35.48; 95% CI Z 2.54 e495.57; p Z 0.008) were independent predictors of infection-related mortality on multivariate logistic regression. One-year overall mortality was 58.6% and malignant neoplasm was the predisposing factor for poor long-term outcome. Conclusion: Nearly one fifth of patients with community-onset K. pneumoniae bacteremia required intensive care and this was associated with high mortality and poor long-term prognosis. Physicians should recognize the distinct characteristics and risk factors for mortality among these patients.
Introduction
Klebsiella pneumoniae (K. pneumoniae) is the second most common cause (behind Escherichia coli) of community-and hospital-acquired Gram-negative bloodstream infection (BSI). 1 Although nosocomial K. pneumoniae infections occur worldwide, in the past two decades, geographical differences have been recognized in the spectrum of communityacquired infection caused by K. pneumoniae, including a preponderance of severe invasive disease in Taiwan. 2 In Taiwan, K. pneumoniae is the major cause of communityonset bacteremia and pyogenic infection. 3, 4 Furthermore, K. pneumoniae infection can lead to a poor prognosis in critically ill patients with bacteremic community-acquired pneumonia. 5 BSI has been associated with increased rates of hospitalization, and increased length of stay and hospital costs. 6, 7 Community-acquired bacteremia is a common cause of hospital and intensive care admission, with an associated ICU crude mortality around 40%. 8, 9 Despite advances in the development of adjunctive therapies and sophisticated life-support facilities, BSI is associated with a dismal prognosis in critically ill patients. 10 Moreover, bacteremia can lead to increased risk of mortality persisting after 28 days to >1 year in critically ill patients. 11 The different characteristics of community-acquired and nosocomial K. pneumoniae bacteremia have been reported in the literature. 12, 13 However, the characteristics of community-onset K. pneumoniae bacteremia requiring treatment in the ICU have rarely been reported. In the literature, only one study found that 11 alcoholic patients with bacteremic K. pneumoniae pneumonia who needed ICU management and ventilatory support had rapidly fatal outcomes.
14 Therefore, the aim of our study was to investigate the clinical manifestations, predictive factors for mortality, and long-term prognoses of patients with community-onset K. pneumoniae bacteremia who required intensive care.
Materials and methods

Study design, patient population, and data collection
This study was a retrospective cohort analysis of consecutive patients with community-onset bacteremia caused by K. pneumoniae at Taipei Veterans General Hospital, a tertiary medical center with a 2900-bed capacity. Patients with community-onset bacteremia caused by K. pneumoniae were identified by reviewing culture records from the Department of Microbiology from January 2007 through December 2009. We excluded patients aged <18 years. A database was created and the demographic data and clinical characteristics of the study population were collected. Potential factors associated with outcome were identified and statistically analyzed. Data enrolled in this study included those during the first 30 days after onset of K. pneumoniae-induced bacteremia or until death. All data were reviewed by two infectious disease specialists. This study was approved by Institutional Review Board of Taipei Veterans General Hospital.
Definitions
An episode of bacteremia was defined as the presence of >1 blood cultures positive for K. pneumoniae that contributed to clinical sepsis. When a patient had >1 episode of bacteremia, only the first episode was used in the analysis. We excluded hospital-acquired bacteremia if the episode occurred >48 hours after admission 15 and enrolled all other episodes, which were considered as community-onset bacteremia. Community-onset bacteremia was classified as healthcare-associated or communityacquired infection according to the criteria used by Friedman et al 16 In brief, episodes were classified as healthcare-associated infection when any of the following was present: intravenous therapy or specialized nursing care at home; hemodialysis within 30 days before the BSI; hospitalization for >2 days in an acute care hospital within 90 days before BSI; or resident in a nursing home or longterm care facility. Bacteremia was defined as polymicrobial when >2 different organisms were isolated from blood cultures. The probable focus of infection was assessed on the basis of microbiological and clinical findings. Inadequate empiric antimicrobial treatment was defined as patients who did not receive >1 in vitro active antimicrobial agent after the index blood culture had been drawn and before susceptibility results were available. Infection-related mortality was defined as death within 2 weeks after onset of K. pneumoniae blood culture, in the absence of known noninfectious causes of death such as intracranial hemorrhage, myocardial infarction, or pulmonary embolism. Shock was defined as systolic blood pressure <90 mmHg and the need for inotropic agents to maintain blood pressure. Chronic lung disease was defined as chronic obstructive pulmonary diseases, bronchiectasis, or any structural lung diseases with the exception of bronchogenic carcinoma.
Microbiological methods
Blood culture samples were processed by the BACTEC NR-660 system (Becton Dickinson, Sparks, MD, USA). All positive cultures were examined by Gram staining and subcultured on blood agar plates and eosin-methylene blue agar plates for further identification. VITEK 2 system (bioMérieux, Marcy l'Etoile, France) with VITEK 2 GN card was used to confirm bacterial identification. Antimicrobial susceptibility of K. pneumoniae was tested by standard disk diffusion method. Clinical and Laboratory Standards Institute (CLSI) criteria were used to define susceptibility or resistance to the antimicrobial agents studied. Extendedspectrum b-lactamase (ESBL) production was screened and confirmed in accordance with CLSI standards. 17 
Statistical analysis
Contingency data were analyzed by two-tailed Chi-square test or Fisher's exact test; continuous data were analyzed by Student t-test or the Mann-Whitney U test. A p value <0.05 was considered statistically significant; all probabilities were two-tailed. Variables with p value <0.05 in univariate analyses were subsequently entered in the multivariate logistic regression model to evaluate the risk factors for ICU admission and mortality. Shock, respiratory failure, and altered mental status were not included in the multivariate logistic regression model because they are criteria for ICU admission. The Kaplan-Meier method was used to estimate 1-year all-cause mortality. Patients were followed from the date of the first episode of K. pneumoniae bacteremia until death or last follow-up date. Variables with a p value <0.05 were entered in Cox proportional hazards regression to determine factors associated with 1-year all-cause mortality. All statistical analyses were performed with SPSS version 18.0.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Clinical characteristics of patients with community-onset K. pneumoniae bacteremia requiring intensive care
During the 3-year study period, 309 consecutive patients with community-onset K. pneumoniae bacteremia, including 175 community-acquired and 134 healthcare-associated infections, were identified. Among these, 58 patients (18.8%) required intensive care during the study period and 30 patients had healthcare-associated infections. Diabetes mellitus (DM) and malignant neoplasm were the most common underlying diseases, and respiratory tract infection was the most common source of bacteremia in the patients requiring intensive care. Underlying DM was more common in community-acquired than in healthcare-associated infection [15/28 (53.6%) vs. 6/30 (20%); p Z 0.008]. On the other hand, malignant neoplasm was more frequent in patients with healthcare-associated compared with community-acquired infections [18/30 (60.0%) vs. 5/28 (17.9%); p Z 0.001]. We compared the clinical characteristics between patients treated in the ordinary ward (n Z 251) versus those requiring intensive care (n Z 58), as shown in Table 1 Predictive factors for infection-related mortality and 1-year prognosis among patients requiring intensive care
We compared the clinical characteristics between the survivors (n Z 38) and nonsurvivors (n Z 20), as shown in Table 2 9 /L, p Z 0.038) had a significantly higher risk of mortality. All patients with liver abscesses treated in the ICU had a favorable outcome (0% vs. 21.1%; p Z 0.041). Logistic regression analysis (Table 3) revealed that higher APACHE II score (OR Z 1.43; 95% CI Z 1.02e2.01; p Z 0.041) and underlying malignant neoplasm (OR Z 35.48; 95% CI Z 2.54e495.57; p Z 0.008) were independent predictors of mortality.
Overall, the 1-year mortality in these patients admitted to ICU was 58.6% (n Z 34). After analysis of the same variables listed in Table 2 , we found that 1-year morality-related potential risks included healthcare-associated bacteremia (p Z 0.01), higher APACHE II score (p < 0.001), malignant neoplasm (p < 0.001), respiratory failure (p Z 0.025), altered mental status (p Z 0.001) and inappropriate antibiotics use (p Z 0.042), as showed in Table 4 . The KaplaneMeier survival curves demonstrated that patients with an underlying malignant neoplasm had higher mortality than those without a malignant neoplasm (p < 0.001, by logrank test) (Fig. 1) . Cox hazards proportional regression revealed that the risk for 1-year all-cause mortality was underlying malignant neoplasm (Hazard Ratio Z 3.14, 95% CI Z 1.36e7.26, p Z 0.007).
Discussion
A previous study demonstrated that critically ill patients with nosocomial K. pneumoniae bacteremia tended to experience acute renal failure, hemodynamic instability, a longer length of ICU stay, and longer ventilator dependence. 18 However, few studies regarding the characteristics and outcome of critically ill patients with community-onset K. pneumoniae bacteremia have been reported. To our knowledge, this is the first retrospective study to focus on patients with community-onset K. pneumoniae bacteremia requiring intensive care. We found that the ICU admission rate of patients with K. pneumoniae bacteremia was 18.8% and mortality rate was 34.5%. The prevalence of respiratory tract infection was significantly higher in patients admitted to the ICU than those in ordinary wards. Respiratory tract infection was also the independent risk factor for patients admitted to the ICU, possibly reflecting the fulminant course of bacteremic pneumonia caused by K. pneumoniae, as shown in our previous study. 5 Consistent with previous reports regarding bacteremia in the ICU, we also found that the APACHE II score was independently associated with mortality. 9, 19 In the present study, the mortality of K. pneumoniae bacteremia patients in the ICU was high. With much improvement of critical care in recent years, although patients with a high APACHE II score (mean Z 23.45 AE 5.35) can survive, patients with more severe disease (mean Z 30.15 AE 6.11) still have difficulty surviving, suggesting that host factors are important for the prognosis of K. pneumoniae bacteremia.
Malignant neoplasm was another factor independently associated with mortality in the ICU in the current study. Our cohort had a higher proportion of malignant neoplasms than the previous study, 12 which might be due to the different study period. Although we did not find that malignancy predisposed to mortality in critically ill patients with community-onset bacteremia in the literature, the prevalence of malignant neoplasms in the current study might play an important role in the outcome of K. pneumoniae bacteremia. In the current study, most (80%) of the mortality in community-onset K. pneumoniae bacteremic patients requiring intensive care, was in cancer patients, which corresponded to the poor prognosis in cancer patients with nosocomial bacteremia due to K. pneumoniae in our previous study. 20 In addition, although we failed to demonstrate the prognostic significance of appropriate empiric antibiotics in ICU patients, we do not exclude the possibility that the relatively small sample size lacked statistical power to differentiate among the impact of different antibiotics on survival. DM is a well-known risk factor for K. pneumoniae infection. DM accounted for 49% among the patients of community-acquired K. pneumoniae bacteremia in a previous study. 12 In our study, DM was the most common underlying disease (39.2%) among all community-onset bacteremia. However, diabetes did not predispose patients to requiring ICU admission or influence their mortality. Whether diabetes has been associated with a worse prognosis with Enterobacteriaceae bacteremia is controversial. 21, 22 Information about the effect of diabetes on the prognosis of patients with bacteremia in general, and with K. pneumoniae bacteremia in particular, is limited. More research is needed to delineate relations between diabetes and K. pneumoniae bacteremia. Jong et al found that 11 alcoholic patients with bacteremic K. pneumoniae pneumonia, who needed ICU management, had a rapid fatal outcome. 14 In our study, only one of the seven alcoholic cases died of infection. The different focus of bacteremia between the current study and the previous one might account for the different results.
K. pneumoniae is the most commonly isolated microorganism in liver abscesses in Taiwan. 2 It has a potential metastatic infection and can result in endophthalmitis or central nervous system infection. 23, 24 In a study by Chen et al, the overall mortality of patients with a liver abscess caused by K. pneumoniae, requiring intensive care, was 23%. 25 In the present study, bacteremic liver abscess was not associated with a higher prevalence of ICU admission and the outcome of bacteremic liver abscess in the ICU was favorable. We could not compare the APACHE II score between the two studies, which might account for the different outcome. Management of liver abscesses has recently improved in Taiwan because of increased physician awareness; different study periods may be another reason for the discordance. 26 BSI-associated sepsis and septic shock are associated with an increased risk of mortality persisting after 28 days to >1 year. 11 While much of the mortality attributable to bloodstream infection occurs acutely within days to weeks after onset, organ dysfunction and other complications may lead to significant mortality months or years later. 27 Longterm follow-up better defines the burden of illness associated with these syndromes. Herein, we present the first study of K. pneumoniae bacteremia in critically ill adults which evaluates the long-term (1-year) outcomes associated with these conditions. Less than 50% patients survived beyond 1 year after K. pneumoniae bacteremia, and malignant neoplasm was the only independent predictor of long-term mortality, suggesting that long-term mortality is more a question of underlying conditions, than of bacteremia per se. Although it is important to note that the late deaths were not directly attributable to the original bloodstream infection, our data support the notion that future studies should include longer-term endpoints, so as to better understand the natural history of sepsis and the effects of interventions on morbidity. 27 In conclusion, approximately one-fifth of patients with community-onset K. pneumoniae bacteremia required intensive care in our institution throughout the study period. Respiratory tract infection was the only independent risk factor for ICU admission. Mortality among patients admitted to the ICU was high (34.5%), and a higher APACHE II score and underlying malignant neoplasm were independent risk factors for infection-related mortality. Overall, 1-year mortality in these patients admitted to the ICU was 58.6%. Physicians should recognize the distinct characteristics and risk factors for mortality among these patients. 
